Background: Malaria is a major health problem in the tropics, with 300-500 million cases and 1.1-2.7 million deaths occurring annually. The hematological alterations associated with malaria infection may vary depending on: level of malaria endemicity, background hemoglobinopathy, malaria immunity, host genetic factors, and parasite strain variations. Objective: The aim of the study was to determine the profiles of hematologic parameters in Plasmodium falciparum and Plasmodium vivax malaria infections at Tercha General Hospital, Dawuro Zone, South Ethiopia. Methodology: A total of 340 study participants were included in the study, out of which 170 were malaria cases, and the remaining 170 were malaria negatives. An institution-based cross-sectional study was conducted. Malaria diagnosis was based on thick and thin blood films microscopy. Hematological parameters were determined by using an automated, CELL-DYN 1800 hematology analyzer. Malaria parasite density was determined by counting the asexual parasites against 200 WBCs, and then calculated by using the standard formula. The diagnostic accuracy of hematological parameters was measured by computing sensitivity, specificity, and likelihood ratios.
Globally, about 3.2 billion people live in areas at risk of malaria transmission. An estimated 350-500 million clinical malaria episodes occur annually, mostly caused by infection with P. falciparum and P. vivax. Malaria causes 1.1-2.7 million deaths each year as a result of severe malaria. It is the fifth cause of death from infectious diseases worldwide, and the second leading cause of death in Africa. 2 Malaria control was difficult because of drug resistance of the parasite and insecticide resistance of the vector. 3 Epidemiologically, P. falciparum malaria covers 85% of all malaria cases worldwide. It occurs mainly in the hotter and more humid regions of the world and the most pathogenic species. P. vivax malaria is the second most important public health problem. It is characterized by the occurrence of malaria relapses due to the re-activation of hypnozoites in the liver cells. Although the complication of P. vivax infection is relatively less, rupture of an enlarged spleen occasionally occurs and could be life-threatening. 4, 5 According to WHO report, almost 90% of all malaria deaths in the world occur in Africa. An estimated one million people in Africa die from malaria each year. The important way for reducing malaria morbidity and mortality is best achieved through early diagnosis and prompt, effective treatment, which is the base for management of malaria. Microscopy remains the mainstay of parasite-based diagnosis in most health clinics and hospitals; however, the quality of microscopy-based diagnosis is inadequate for ensuring good health outcomes. 6, 7 Malaria is a major public health problem in Ethiopia. More than 50 million people in the country live in areas at risk of malaria transmission. It is also estimated that 9 million malaria cases occur annually throughout the country. P. falciparum and P. vivax are the two most common malarial parasites in the country. 8 Hematological alterations associated with malaria infection may vary depending on the following factors: level of malaria endemicity, background hemoglobinopathy, demographic factors, and malaria immunity. The pathophysiological processes causing the hematological changes in malaria are complex, multiple, and incompletely understood. 9 The immunological background of P. falciparum and P. vivax infection do have its own effect on the absolute counts of peripheral blood mononuclear cells and granulocyte subsets. The level of the cytokines TNF-α and IFN-α, which are known to induce the expression of selectins, integrins, and chemoattractant chemokines have been observed to correlate with malaria severity caused by P. falciparum and P. vivax. 10 Prediction of the hematological changes in malaria enables the clinician to establish an effective and early therapeutic intervention in order to prevent the occurrence of major complications. Hematology parameters can help to provide a presumptive treatment, especially when the results of the parasitological examination are not immediately available or are uncertain to decide treatment for malaria, [11] [12] [13] [14] and help to intensively care for the patient and prevent a death that may result from such complications. 15 The results of the surveillance data demonstrated that malaria continues to be a significant public health challenge in the South Ethiopian region, and the region bears a higher burden of malaria. P. falciparum is the most common cause for malaria in the region. 16 The hematological parameter alteration during malaria infection was not studied previously in this study area. Therefore, this study is aimed to determine profiles of hematological parameters in P. falciparum and P. vivax malaria infection among patients attending Tercha General Hospital, Dawuro Zone.
Methods and materials

Study area and period
The study was conducted at Tercha Hospital, Dawuro Zone, SNNPR. Tercha Hospital is one of the Hospitals in SNNPR and is 512 km away from Addis Ababa. The Hospital has been serving people from Dawuro as well as the surrounding woredas (districts) of Jimma zone and Konta special woreda. The study was conducted from March 20 to May 30, 2016.
Study design
An institution-based cross-sectional study was employed.
Source population
All acute febrile patients clinically suspected of malaria attending Tercha Hospital during the study period.
Study population
Those with blood film microscopy positive malaria patients satisfying inclusion criteria attending the hospital during the study period.
Inclusion criteria: Patients with clinically suspected and blood film microscopy positive for either the asexual or sexual stages of P. falciparum and/or P. vivax and whose age is >14 years were included in the study as malaria cases.
Exclusion criteria: Those who took any anti-malarial drug in the last 2 weeks, or presenting with any other infectious disease were excluded. 
Sample collection and processing
The diagnosis of malaria was based on blood film microscopy. Both thick and thin blood film was prepared with blood from a finger prick on a slide. Thin film was fixed with absolute methanol. Then, blood film was stained with 10% Giemsa stain for 10 minutes and examined with an 100× oil immersion objective by experienced microscopists. Peripheral blood smear examination was also taken as a gold standard for the diagnosis of malaria infection.
To determine the density of malaria parasite; two experienced microscopists independently counted the asexual stage Plasmodium parasite on a slide against 200 WBCs in thick blood film from each of the malaria cases. Then, the results of the two readers were averaged and used for the calculation of parasite density. Finally, parasites per μL of blood were calculated by using the formula:
Venous blood of 3 mL was collected by venin puncture into an EDTA tube from each study participant. A liquate of blood was taken from the whole blood sample for hematological analysis. Hematological parameters were determined by an automated hematology analyzer by using CELL-DYN 1800, which is a hematology analyzer that performs complete blood count and gives results in printouts. Hematological analysis was achieved in accordance with the standard protocol and manufacturer instructions of the hematology analyzer machine by an experienced Senior Laboratory Technologist who had special training and was certified on the automated hematology analyzer. The socio-demographic data were collected by using a questionnaire.
Data quality assurance
The SOPs were followed in all the laboratory procedures, and training was then given to laboratory assistants by the principal investigator before starting laboratory work. To ensure the accuracy of malaria diagnosis, 10% of the positive and negative samples were re-examined by an independent laboratory technologist, who was blinded to the results of the first slide-reader. For an automated hematology analyzer, a daily quality assurance check was performed in accordance with manufacturer's recommendations. Post-analytical quality assurance was insured by using appropriate result formats and registrations.
Data analysis
First data were checked for completeness and coded. This was then entered into a computer and analyzed by using SPSS version 22.0. The appropriate descriptive statistics were applied to determine the mean, frequencies, and percentages of the study parameters. The independent-sample t-test was used to compare the mean hematological value of the malaria cases with malaria negative individuals. Pearson correlation analysis was used to test the association between two continuous variables. The diagnostic accuracy of hematological parameters was determined by computing the sensitivity, specificity, and likelihood ratio. The microscopy of peripheral blood smear was taken as a gold standard for the diagnosis of malaria. The diagnostic value of the hematological parameters was measured against non-malarious acute febrile illness. For all statistical tests, P<0.05 was considered as statistically significant. Finally, all results were described and presented using tables and figures.
Ethical statement
Ethical approval was first obtained from the Ethical Clearance Committee of Wolaita Sodo University. Then, a written letter from the Graduate Coordinator of the Department was obtained. Official permission was also obtained from Tercha Hospital and Dawro Zone Heath Department. The study was conducted according to the Declaration of Helsinki. Information on the study was explained to the participants, including the procedures, potential risks, and benefits of the study. Informed written consent was obtained from each of the study participants. For patients under 18 years of age their parents/guardian provided written informed consent. The name of the study participants was not written, rather the corresponding code was given for each of them so that the confidentiality of the result was secured. If hematological abnormalities were found, the results were referred to a physician and appropriate treatments were provided. All malaria positives cases had received antimalarial chemotherapy according to the standard guidelines. It was also assured to participants that the findings of the study were only be used for the purpose of research.
Results
Socio-demographic characteristics of the study participants
A total of 340 participants were included in the study, out of which half (170) were malaria positive cases and the other half were malaria negative. Among the positive malaria cases, 
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awoke and arota the majority, (116, 68%) were males, and all (170) were in the age range of 15-50 years, with a mean age value of 27.6 years. The mean age of malaria patients was not significantly different from the age of the malaria negative groups (P>0.05). The majority of malaria positive patients were males (116, 68%). Regarding ethnicity, about 94% of malaria cases belonged to the Dawro ethnic group. Similar to the malaria cases, the majority of malaria negatives were also male (70%).
Hematological alterations in malaria patients
The prevalence of thrombocytopenia (platelet count <140,000/µL) in overall malaria patients studied was 84%, and the remaining 16% had normal platelet count values. There was no malaria case with a high platelet count. Thrombocytopenia was the most common hematological abnormality finding observed in malaria infection in the study.
Anemia-low Hgb concentration, defined as; Hgb <12 g/ dL for females and Hgb <13 g/dL for males, was the second most frequently encountered hematological abnormality observed in malaria infection. The prevalence of occurrence of anemia in malaria patients was 60%, while the remaining 40% had normal Hgb values.
An alteration in RDW was significant hematological alteration in malaria infection, which was the presence of high RDW. High RDW was defined as an RDW value >14.5%, and it was observed in 57% of total malaria cases, with 43% of the cases having a normal RDW value. The presence of a low WBC count (leucopenia) was a frequent change detected in malaria patients, and it was found in 48% of malaria cases (Table 1) .
Hematological alterations in P. falciparum and P. vivax infections A total of 170 malaria patients participated in the study, out of which 105 (61.7%) were P. falciparum malaria cases, 61 (36%) were P. vivax cases, and the remaining 4 (2.3%) had mixed infection.
There was an almost similar high frequency of thrombocytopenia in both P. vivax and P. falciparum malaria patients, and it was found that thrombocytopenia was detected in 85% of P. vivax and 83% of P. falciparum malaria cases.
The presentation of anemia in malaria has shown speciesspecific differences. It was predominantly present in P. falciparum cases (65.7%) over P. vivax (52.4%) cases.
Regarding the occurrence of leucopenia in species of Plasmodium, it was observed in 52.4% of P. falciparum cases and 44% of P. vivax cases. Neutrophilia was more frequent in P. vivax infection (37.7%) than P. falciparum (21%). The frequency of lymphopoenia in the two types of malaria infection was similar, 54% in P. vivax cases and 56% in P. falciparum cases ( Table 2) .
Hematological values in malaria positive and negative patients
The mean hematological values of the malaria patients were compared with those of the malaria negative individuals using an independent-sample t-test, to determine the hematological impact of P. falciparum and P. vivax infections.
It was found that the mean values of total WBC, Hgb, platelet, Hct, RBC, and lymphocyte were significantly lower in malaria patients as compared with malaria-negative individuals (P<0.05). Conversely, the means of absolute neutrophil count and RDW value were higher in the malaria patients than the non-parasitemic groups in the study. The mean value total WBC count was found to be significantly lower in malaria patients as compared to malaria negatives (5,300 vs 5,800, P=0.027). Similarly, the lymphocyte level was also significantly depleted in the peripheral blood of malaria cases (P=0.004). In contrast, the mean absolute neutrophil count was elevated in P. falciparum and P. vivax cases compared to malaria-negative individuals (P=0.025).
The mean Hgb value of malaria positive cases was significantly lower than that of malaria negatives (P<0.0001). The MPV was not significantly different in malaria cases or in malaria negatives (P=0.46). In contrast, the mean platelet count was found to be highly decreased in malaria patients in the study (97.5 vs 249.6; P<0.0001). The mean value of RDW was significantly higher in malaria infection than malaria negatives, P=0.001 (Table 3 ).
The correlations between hematological parameters and P. falciparum and P. vivax parasite densities
There was an inverse correlation between P. falciparum asexual stage parasite density and lymphocyte count (r=-0.53, P=0.002). P. vivax parasite density was also inversely correlated with the peripheral blood lymphocyte count (r=-0.47,
P=0.024).
The inverse association between P. falciparum asexual stage parasitemia and Hgb level in the blood (r=-0.12; P=0.23) was not statistically significant. Similarly, in correlation analysis of the P. vivax parasitemia level and Hgb value, no significant correlation was detected (P>0.05).
Platelet counts in P. falciparum malaria infection had an inverse correlation with asexual stage parasite density (r=-0.46, P<0.0001) and also an inverse relationship between P. vivax parasitemia level and platelet counts (r=-0.48,
P<0.0001).
In the correlation analysis of the peripheral blood neutrophil level with asexual stage parasitemia, a significant positive association was detected in P. falciparum infection (r=0.38, P=0.002). There was also a positive and significant correlation between P. vivax parasitemia level and neutrophil count (r=0.35, P=0.0063).
Discussion
Thrombocytopenia was the most common hematological abnormality in malaria patients. The result of this study is higher when compared with the findings from the studies by Bashawri et al, 28 and Khan et al. 16 This difference may be attributed to the difference in Plasmodium parasite strain, which can have different virulence and disease patterns, or the difference in the level of malaria endemicity in different geographical areas. 17 The cause of thrombocytopenia in malaria is poorly understood; however, increased platelet destruction and reduced platelet lifespan are suggested to occur during malaria, which is often associated with palpable splenomegaly and circulating immune complexes. 16 Anemia was the second most frequently noticed hematological abnormality in malaria infections. Anemia was predominantly presented in P. falciparum cases compared to P. vivax in this study. This indicates that anemia has shown more association with P. falciparum infection. This study is consistent with studies conducted by Jain and Kaur 18 and Shah et al, 19 but differs from studies conducted in Dubai which indicated that there was no significant difference in the incidence of anemia between P. falciparum (67%) and P. vivax (63%) infections, 12 and there was also a nearly equal frequency of anemia in the two malaria groups, 56% in P. falciparum and 61.9% in P. vivax. 20 The pathogenesis of anemia in malaria is multifactorial and incompletely understood; factors such as mechanical destruction of the parasitized red blood cells, reduced RBC production in the bone marrow, and phagocytosis of parasite infected RBC are among the mechanisms suggested to be involved. 13 Tumor necrosis factor and IL-10 have also been implicated in the development of P. falciparum malarial anemia. 17 Leucopenia was commonly detected in total WBC alteration and occurred in 48% of malaria patients. This is close to a previous report in which leucopenia presented in 36.5% of P. falciparum cases. 20 Leucopenia was also found in 30.4% of malaria infections. 21 Leucopenia was presented in 22.1%, 20.9%, and 18.4% of subjects in P. vivax, P. falciparum, and mixed infections, respectively. The mean values of Hgb and platelets were significantly lower in P. falciparum and P. vivax malaria patients compared to malaria-negative individuals (P<0.0001). This indicates that P. falciparum and P. vivax infections could have induced the depletion of the platelets and Hgb level in the peripheral blood of infected individuals. This agrees with the previous findings of Maina et al 13 and Koltas et al. 23 Neutrophilia was less frequently observed among malaria cases in this study, with the frequency of occurrence in the two types of malaria infection being P. falciparum (21%) and P. vivax (37.7%). This finding is lower than another report in which neutrophilia was observed in 48% in P. falciparum infection and 65.8% in P. vivax. 21 During overwhelming P. falciparum and P. vivax infection, neutrophils will be in great demand so that their number could increase in the peripheral blood circulation. 17 Lymphopoenia was also a frequent hematological alteration in malaria infection, and occurred in 54% of malaria cases, with an almost similar frequency of occurrence in two types of malaria species; 56% in P. falciparum and 54% in P. vivax. This is higher than a report from Dubai in which 24% of total malaria patients had lymphopenia. 12 This suggests that the depletion of lymphocytes in the peripheral blood does not show a difference in rate of occurrence in the two types of malaria infection. There are probably two possible mechanisms, which could explain the depletion of lymphocyte sub-sets from the peripheral blood in acute P. falciparum and P. vivax malaria patients: sequestration of lymphocytes by trapping into the lymph nodes and abnormal death of the cells through apoptosis. 17 The platelet count in both P. falciparum and P. vivax infection was significantly and inversely correlated with the asexual stage parasite density. This is consistent with others studies which reported an inverse relationship between malaria parasitaemia level and platelet count in the peripheral blood. 13, 24 The platelet level decreases as the degree of malaria parasitaemia increases, and thrombocytopenia could be used to determine the presence and severity of malaria. 25 Due to an increase in TNF-α in malaria infection, more adhesion molecules and their receptors will be expressed on lymphocyte surfaces and endothelial cells of lymph nodes through the action of TNF-α; this causes more lymphocytes to be trapped in the lymph nodes, opposite to the increase in asexual stage densities. 17 Thrombocytopenia has a high prevalence in this study, which is supported by a study from India, 26 and Bhandary et al 27 indicate that it give clues for differential diagnosis of malaria from other acute febrile illness. This suggests that thrombocytopenia can be used as a supportive diagnostic criterion for malaria, in addition to clinical indices in circumstances where microscopic diagnosis is not sufficient, as in the case of low parasite density.
Conclusion and recommendations
The common hematological parameters alterations observed in P. falciparum and P. vivax infections were; platelet count, Hgb concentration, and RDW value. Thrombocytopenia and anemia were the two most common hematological abnormality findings observed in malaria infection. An alteration in RDW was a significant hematological alteration in malaria infection, which was the presence of high RDW. There was an inverse association between P. falciparum and P. vivax asexual stage parasite density and lymphocyte count, and parasitemia level and platelet count. The neutrophil count in peripheral blood was positively correlated with parasitemia in both P. falciparum and P. vivax infection. There was no significant correlation between P. vivax parasitemia level and Hgb level.
Malaria patients should be checked for the presence of hematological abnormalities such as anemia and thrombocytopenia, and appropriate management should be undertaken for those detected abnormalities to reduce the associated complications in patients. Patients with acute febrile illness having thrombocytopenia alone or in combination anemia should alert the treating clinicians about the possibility of malaria infection. Thrombocytopenia should be used as supportive diagnostic criteria for malaria, in addition to clinical indices and other laboratory investigations.
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